Abstract: There is widespread disagreement about the role of housing wealth in explaining consumption. This paper exploits liquid and illiquid wealth time series from household balance sheet data for South Africa, previously constructed by the authors, to explain fluctuations in the ratios of consumption and household debt to income in South Africa, from 1971 to 2005. The paper emphasizes the role of substantial credit liberalization and of wealth, treating credit conditions as a latent variable with key interactions with drivers of consumption and debt. Credit conditions are proxied by a spline function entering jointly estimated consumption, debt and income expectations equations in a 'latent interactive variable equation system' (LIVES). The empirical results corroborate the theory in the paper, confirming that consumption relative to income is driven by credit liberalization, fluctuations in a range of asset values and asset accumulation, uncertainty and income expectations, inter alia. The paper confirms a collateral interpretation of housing wealth on consumption as opposed to a life-cycle interpretation. The paper also throws important light on the monetary policy transmission mechanism in South Africa.
Introduction
There is widespread disagreement about the influence of house prices on consumption, and intensive debate on how monetary policy should react to asset price fluctuations in the context of liberalised credit markets (see Rajan (2005) and associated papers from the Jackson Hole symposium, White (2009) and Mishkin (2011) ). Housing markets and their consumption interactions have, in recent years, become an active research area.
1 Unfortunately, much of the empirical literature exploring the consumption and housing wealth link, both macro and micro, is marred by poor controls for the common drivers both of house prices and consumption. Such controls potentially include income, income growth expectations, interest rates, credit supply conditions, other assets and indicators of income uncertainty (such as the change in the unemployment rate). The easing of credit supply conditions, for instance, is often followed by a house price boom. Failure to control for the direct effect of such credit liberalization on consumption can produce overestimates of the effect of housing wealth or collateral on consumption. Fluctuations in asset prices and changes in access to credit can lead to huge forecasting errors when these variables are absent from the consumption function.
In emerging market economies, understanding the links between consumption, debt and wealth in the context of liberalised credit markets is of increasing policy importance.
This paper is a data-intensive exploration of such wealth and collateral effects for South Africa, drawing on time series of wealth estimates on a market value basis developed in Aron and Muellbauer (2006a) and Aron et al. (2006b Aron et al. ( , 2008 . We believe these to be the most comprehensive balance sheet data to date for an emerging market or developing economy (generally lacking even a measure of total net worth), and the first time the consumption implications of wealth and shifting credit market conditions have been investigated for such an economy. An important innovation relative to preceding work on emerging markets is to estimate marginal propensities to consume for a three-way split of assets, liquid, illiquid and housing wealth, emphasising the different "spendability" of such assets.
1 There are attempts to introduce housing into DSGE models, Iacoviello (2005) , and to give some microfoundations to the financial accelerator via households, Aoki et al. (2004) . Attanasio et al. (2011) use a calibrated partial equilibrium model with a realistic treatment of mortgage constraints to simulate the impact of house prices and income on consumption. Recent multi-country empirical studies of the housing-consumption link on macroeconomic data include Slacalek (2009 ), Case et al. (2005 and Catte et al. (2004) . Earlier studies include Kennedy and Andersen (1994) . The role of housing in the financial crisis is discussed by Duca et al. (2010) .
Our 'credit-augmented' life-cycle consumption function incorporates more complete controls than are generally employed in the literature, including a measure of consumer credit conditions and its interactions with a variety of economic variables such as interest rates, proxies for income uncertainty, and income growth expectations generated by a forecasting model. This coherent treatment of income growth expectations is missing from most published research.
South Africa has experienced substantial credit market liberalization and rises in consumption and debt to income ratios (( Figure 1) . 2 However, in the 1980s, this liberalization occurred without an asset price boom, facilitating the identification of the direct effects of credit liberalization on consumption. In other countries, the correlation of credit liberalization with asset price movements impedes the disentangling of the direct effect. We estimate joint debt, consumption and income forecasting equations with an unobservable credit supply indicator entering all three equations. This indicator is proxied by a spline function guided by institutional information on credit market liberalization. The parameters are estimated, subject to cross-equation restrictions, from a joint estimation of the household consumption, debt and income forecasting equations.
We have named this type of equation system a Latent Interactive Variable Equation
System (LIVES) since the latent variable enters interactively as well as additively. This method is an innovative approach 3 to proxy a credit conditions indicator (CCI).
We distinguish among three effects of credit liberalization on consumption, which earlier literature had not brought out clearly. Liberalization reduces the credit constraints on households engaging in smoothing consumption when they expect significant income growth;
it also reduces deposits required of first-time buyers of housing; and it increases the availability of collateral-backed loans for households which already possess collateral, see Miles (1992 Miles ( , 1994 . The three facets imply both a shift in the average propensity to consume, and important interaction effects, for example with housing wealth, income growth expectations, and perhaps with interest rates and indicators of uncertainty.
Our empirical evidence supports the three facets of credit liberalization on consumption and suggests that for South Africa, where credit markets are now fairly liberal, the marginal propensity to spend out of housing wealth has, in recent years, exceeded that for 2 Low saving rates are a symptom of a persistent structural weakness in South Africa (see Aron and Muellbauer, 2000a) , reflected in a continuing dependence on foreign capital inflows. 3 The first implementation of LIVES in the public domain, of which we are aware, is for South Africa, and is summarised in non-technical form in Aron and Muellbauer (2000a) , based on an earlier incarnation of the SA consumption and debt functions in Aron and Muellbauer (2000b) .
illiquid financial wealth, but is less than that out of net liquid assets. These estimates complement new evidence for wealth effects when accounting for credit liberalization in the U.S., U.K., Australia and Japan (Aron at al., 2011; Muellbauer and Williams, 2011) .
The outline of the paper is as follows. Sections 2 and 3 briefly provide a theoretical background for the econometric specification applied to time series data for South Africa. In section 4, we provide specific evidence through comparisons of well-specified empirical models. Section 5 concludes.
The Consumption Model
We follow the exposition in Aron et al. (2011) Hall (1978) , it does not ignore long-run information on income and assets, though in the formulation above the distinction between types of assets is ignored. This general approach also has a basic robustness feature missing in the Euler equation. Euler equations require well-informed households continuously and efficiently trading off between consuming now and consuming next period, but fail basic empirical tests. 5 In contrast, the extension of equation (1) discussed below is consistent with a fairly rudimentary comprehension of life-cycle budget constraints. Any household with some notion of wanting to sustain consumption will realize that not all of its assets can be spent now without damaging future consumption, and that future income has a bearing on sustainable 4 Non-property income is the relevant income concept in standard life-cycle models where property income is defined by rates of return on assets, and assets are choice variables. 5 The extreme assumption in the Euler equation is one of full rationality: consumers are assumed to face linear budget constraints (they can borrow as much as they like at a given interest rate) and to continuously optimise their spending and portfolio decisions taking full account of all publicly available information. See Campbell and Mankiw (1991) for international evidence rejecting the central prediction of the Euler equation, that consumption growth should be unpredictable given past information.
consumption. As we shall see, practical applications of extensions of equation (1) capture these basic ideas.
Since consumption and income tend to grow exponentially, formulating the consumption function in logs has advantages. The log approximation of equation (1) The difference between log permanent income and log current income in equation (2) can be closely approximated by an expression in logs of expected future non-property incomes: Aron et al. (2011). 7 One important advantage of equation (2) is that it avoids the log assets formulation employed in many studies of consumption. The log formulation is a poor approximation when asset levels are low, as is true for many The formulation in equation (4) still needs to split up assets into different types with different spendibilities. One reason is that housing wealth differs fundamentally from financial assets since a roof over one's head gives shelter (has utility value) as well as having an asset value. The second reason is that, with credit constraints, housing wealth has a collateral role see Muellbauer (2007) or Aron et al. (2011) for further discussion. 8 A third reason is that illiquid financial assets, subject to asset price volatility, and in the case of pensions, to trading restrictions, are different from liquid financial assets 9 and debt.
Variations in household access to credit induce time variation in key parameters of the households, especially in emerging economies. It is also a poor approximation when testing hypotheses on disaggregated assets. 8 The micro-simulation model by Attanasio et al. (2011) gives a credit interpretation of the effect of housing wealth on consumption. This model makes significant progress towards micro realism in understanding the relationships between house prices, incomes and consumption. The value function for the choices made by households (p. 410), together with the inequality constraints ( p. 411-12), incorporate a realistic snapshot of UK mortgage market constraints. These include maximum loan to value and loan to income ratio constraints. Conditional on estimated/calibrated models for individual incomes and for average income and house prices, the authors simulate optimal consumption for each age cohort to illuminate the role of house prices and income. Our consumption function can be thought of as an empirical approximation for aggregate date to a micro-simulation model of this type with extra richness that comes from also distinguishing liquid from illiquid financial assets and linking unemployment and income uncertainty. 9 Otsuka (2006) 
The time variation in some of the parameters, seen in their time subscripts, and induced by shifts in credit availability, is discussed below.
The net worth to income ratio has been disaggregated into three elements: NLA/y is the ratio of liquid assets minus debt to non-property income, IFA/y is the ratio of illiquid financial assets to non-property income, and HA/y is the ratio of housing wealth to nonproperty income, all in real terms. The term ( )
, where nr, the nominal interest rate on debt, DB, measures the cash flow impact on indebted households from changes in nominal rates. The speed of adjustment is given by λ , and the γ parameters measure the marginal propensity to consume (mpc) for each of the three types of assets. The evidence from several countries is that the change in the unemployment rate is a good proxy for income uncertainty, t θ , or for a shift in income uncertainty. The term in the log change of income allows for the possibility that some households' spending growth follows current income growth more closely than implied by equation (2). This could also be because some, perhaps less sophisticated, households take current income growth as an indicator for future income growth. Equation (5) has the most basic life-cycle model (i.e. equation (2) This equation satisfies long-run homogeneity in income and assets: doubling both, doubles consumption. The long run coefficient on ln y is set to 1. This means that the income endogeneity issues which Hall (1978) highlights are not of concern for the measurement of the long-run income and asset effects: variations in asset to income ratios are dominated by movements in lagged asset prices, so that the endogeneity of income is practically irrelevant, except possibly for the estimation of the coefficient on ln t y ∆ .
A Debt Equation
In contrast to the vast literature on consumption, little systematic econometric work exists on household debt, see the review in Fernandez-Corugedo and Muellbauer (2006) . The canonical REPIH model of the representative consumer has little to contribute to understanding the determination of aggregate household debt. In that model there is only a single asset, so that it can explain only the evolution of aggregate net wealth. In practice, consumers have multiple motives for holding debt. These include first, consumptionsmoothing through temporary income downturns; second, acquiring debt in anticipation of higher future income; third, borrowing to finance the acquisition of consumer durables and housing, human capital investment through education or training, or portfolio investment in financial assets when return prospects look favourable; and finally, using debt to offset what could otherwise be excessive amounts of saving implied by occupational pension rules.
Given asymmetric information between lenders and borrowers, assets have an important collateral role. Most debt is backed by collateral in the form of durables, housing and other assets. In a closed financial system, much of household saving in liquid asset form is recycled by the financial system into lending for other households, suggesting that at the aggregate level, current end-of-period household debt should increase with liquid and illiquid asset stocks, including housing, at the end of the previous period. Variables such as income, interest rates and proxies for income uncertainty, reflecting economic conditions during the period, will also influence current debt. We use a log formulation, linking the log debt to income ratio with log ratios to income of the various assets, and to the log of real income to obtain the following long-run equation for debt: 
This equation incorporates both a real interest rate and the log 11 of the nominal rate, nr. The latter incorporates the cash-flow constraint on the ability to finance debt and both would be expected to have negative coefficients. The equation also incorporates income uncertainty, the log ratio of permanent to current income, log income, three log asset to income ratios and demographic composition since a younger age structure should be associated with higher levels of debt.
Credit market liberalization should impact in several ways on this long-run relationship.
A direct, positive effect on debt should result from the different facets of credit liberalization, with, for example, more freely available credit card loans, lower housing down-payments as a fraction of house values, and housing equity loans more freely available to existing owners.
This is why δ 0 should increase with CCI. There may also be interaction effects from credit liberalization reflected in time subscripts on some parameters in equation (6) δ less negative. If households borrow more when they have 11 Note that the debt service ratio, defined by the product of the nominal mortgage rate and debt, scaled by current income, is a cash-flow measure of affordability. The log formulation makes sense since the dependent variable is in logs and plausibly depends on the log of the nominal interest rate and on log income.
positive income growth expectations, one might expect the effect of income expectations on debt to increase with CCI, increasing 4t
δ .
More liberal use of housing wealth as collateral for a mortgage should increase the coefficient on housing wealth to income, so that φ 1 increases with CCI. A reduced coefficient on liquid assets is likely, as bank lending then becomes less constrained by liquid deposit holdings of the personal sector, so that φ 2 decreases with CCI. Indeed, at the micro-level, households holding significant levels of liquid assets have less need to borrow, suggesting a negative relationship between current debt and lagged liquid assets. On the practical implementation, see below, we adopt an equilibrium correction formulation which adds some short term dynamics.
Empirical Results for South Africa
Variables are defined in 
Wealth Data
The quarterly disaggregated wealth estimates on a market value basis used in this paper were constructed in Aron and Muellbauer (2006a) and Aron et al. (2006b Aron et al. ( , 2008 and appear to be the first systematic attempt to construct comprehensive balance sheet data for an emerging market economy. The South African Reserve Bank has now taken over production and updating of these data, publishing an aggregate measure of net wealth (Kuhn, 2010) .
The estimates of illiquid and liquid personal wealth are shown in Figure 2 . The ratio of household liquid assets minus debt relative to non-property income seems to have been relatively stable in the 1970s. From the mid-1980s to the late 1990s, however, this household net liquid assets ratio fell sharply. 13 This coincided with both a drop in the personal saving ratio, as implied by the income and expenditure accounts, and a switch to saving in pension and retirement funds offering superior returns to those on liquid assets.
Pension wealth has grown relative to income since the 1980s. 
Credit Liberalization
Although the implications of credit liberalization have aroused interest, controversy, and a growing literature, there are few satisfactory applied analyses of these implications in the consumption literature. One major difficulty has been to find an indicator of credit market deregulation, CCI, with which to model the direct and interaction effects of credit liberalization. Proxying CCI by the ratio of debt to income, as in Bayoumi (1993a Bayoumi ( , 1993b and Sarno and Taylor (1998) , is not ideal because this ratio is endogenous and responds with a lag to deregulation and depends too on income expectations, asset levels, uncertainty, and interest rates. Bandiera et al. (2000) propose the technique of principal components to summarize the composite information in a set of dummy variables reflecting different facets of credit liberalization. However, the weights do not reflect the behavioural impact of credit liberalization. A flexible technique linking institutional information with behavioural responses is needed.
Our innovation is to treat credit liberalization as a 'latent variable', an unobservable indicator entering household debt, consumption and income forecasting equations. The indicator, CCI, is proxied by a non-linear spline function whose parameters are estimated 13 Financial liberalization from 1983 into the 1990s is partly responsible for the decline, as it reduced the precautionary, buffer-stock and consumption smoothing motives for holding liquid assets. Political credibility effects probably induced currency substitution away from domestic assets and toward illegal foreign assets, especially after 1976 until the democratic elections of 1994. However, the main factor is the negative real aftertax return on liquid assets from the early 1970s to the early 1990s -apart from a brief spell in 1984-5 (see Prinsloo, 2000, p.17) . Higher returns help explain the renewed rise in the liquid asset to income ratio from the late 1990s. 14 Much of the rise in the ratio of pension assets to income can be explained by a weighted average of total returns indices for equities and bonds. However, there are other factors, including the relaxation of restrictions on official pension funds (for government employees), which had prevented their holding of equities (Mouton Report 1992); improvement in the returns on government and parastatal bonds with deregulation of interest rates after 1980 and declining inflation in the 1990s; and relaxation of prescribed holdings of government bonds for all pension funds. Tax incentives have also favoured investment in pensions over directly held financial securities.
jointly in the three equations. consolidated the stronger competition in the credit market. In the 1990s pensions were increasingly used to provide additional collateral for housing loans; while from 1995, special mortgage accounts ("access bond accounts") allowed households to borrow and pay back flexibly from these accounts up to an agreed limit set by the value of their housing collateral.
After the 1994 elections more black South Africans obtained formal employment, particularly in the public sector, gaining access to credit that they may previously have been denied. lenders. The banking system in South Africa has escaped the global financial crisis relatively unimpaired suggesting well-managed financial regulation and supervision (see Nel, 2009 ).
This qualitative portrait has implications for our univariate measure of credit liberalization, CCI. The first is of a mainly monotonic rise in the indicator until around 1998, with plausible exceptions of a temporary episode after the debt crisis in 1985 and in the early 15 For further discussion of trends, see Aron and Muellbauer (2006a) and Aron et al. (2006b Aron et al. ( , 2008 
where up to 32 parameters (i.e. d73 to d04) could be estimated. By subtracting d73, CCI is normalised to be zero in the years following 1973-4, before turning up later. The CCI function has the property that if the parameter dT for year T is positive (negative), then CCI increases (decreases) for the next seven quarters. This property makes it easy to impose the constraint (where relevant) that the parameters be non-negative (i.e. that there is no reversal in financial liberalization, except in the early 1970s, in 1985-86, and from 1997). Where these institutional priors were violated, the dT coefficients were set to zero. In the process of reduction of the whole system to a parsimonious form, insignificant values were sequentially set to zero.
Potentially there could be identification problems in estimating such a richly parameterised system. To avoid convergence problems a set of prior constraints on key parameters in the three equations were imposed. These included sign priors on interest rate effects and interaction effects, as discussed above. For the consumption function, estimates were constrained to lie in the following broad ranges: 0.07 to 0.25 for net liquid assets, 0.015-0.06 for illiquid financial assets and 0.015-0.20 for housing wealth at the end of the period.
These ranges include most estimates that can be found in the international literature. For the debt equation, negative wealth effects were excluded, and the long-run scale elasticity (to the combination of income and different kinds of wealth) was constrained to lie in the range 1 to 1.6.. The minimum value of 1 implies that debt grows at least in line with the scale of the economy. The maximum value of 1.6 exceeds estimates for the UK by Fernandez-Corugedo and Muellbauer (2006) and earlier studies, and for Australia by Muellbauer and Williams (2011) .
In practice, twelve parameters were needed to define the CCI in estimation from 1971Q2 to 2005Q4. Details of the CCI parameters are shown in Table 5 
The Income-forecasting Equation
During the 1980s in South Africa, there were significant regime changes with the move to new operating procedures for monetary policy and a series of internal financial liberalizations. Periodically, serious political crises entailed the increasing international isolation of South Africa, reflected in diminished trade and finance, while its mineral dependency as a primary exporter gives an important role to terms of trade shocks in determining income growth.
We derive a forecasting model for the rate of growth of real per capita disposable non-property income, log(
/ )
yperm y , as defined in equation (3). Split trends are used to capture the long-run changes in productivity growth expected in an economy subject to such regime changes. By incorporating these shifts, the consumption function including the income growth forecasts should be robust to the Lucas critique (Lucas, 1976) .
The model has the following form: 
The broad set of explanatory variables in a general formulation from which a parsimonious model was selected include: the level of real interest rates and changes in nominal interest rates, the government surplus to GDP ratio, capacity utilization (as a proxy for the unemployment rate), terms of trade, a measure of trade openness, the real exchange rate, the growth rate of OECD industrial production, domestic credit growth in South Africa, real house prices and a real stock market price index. The changing sensitivity of income growth to interest rates as the monetary policy regime changed is captured by a dummy indicator based on prescribed liquid asset requirements for commercial banks, see Aron and Muellbauer (2002) .
To construct log permanent income using equation (3), a 40 quarter horizon was adopted and a quarterly discount factor of 0.95, equivalent to an annual discount rate of about 20 percent. We used actual data on personal per capita income to 2010Q4 and assumed a quarterly growth rate of 0.6 percent thereafter.
The log ratio of permanent to current income log retained if they satisfied sign priors as well as being significant: asset price and terms of trade price effects should be positive, real interest rate effects negative, the real exchange rate effect negative, the effect of domestic credit growth positive, and trade openness positive. 
The Estimated Consumption Equation
Section 2 explained the various extensions required to the aggregate consumption equation The South African Reserve Bank's core forecasting model, see Smal et al. (2007) , uses an equilibrium correction model linking log consumption with log personal disposable income, log net worth and the real interest rate using data from 1985 to 2005. This is an important advance on earlier models which omitted the role of assets. However, the (commonly-made) assumption that all components of wealth have the same effect on consumption runs counter to economic theory. Housing is a consumption good as well as an asset. Thus, inter-temporal consumption theory implies that a rise in house prices, unlike a rise in the stock market prices, consists of tax-adjusted income from employment and transfers from the government. To obtain a proxy for income from self-employment, we assume that it is a constant share of mixed property and self-employment income. If tax-adjusted, self-employment income were a constant fraction ϕ of property income, A second measurement issue concerns developing a proxy for the change in the unemployment rate, an indicator of ∆θ, a measure of increased uncertainty. South African data on the unemployment rate are thought to be unreliable. The rate of growth of employment is an alternative proxy (with the opposite sign). However, between the early 1990s and 2004, the sampling frame for the employer-based survey of employment became increasingly out of date, resulting in a likely downward bias in the measured growth rate of employment. We therefore adjust the published series slightly 21 .
The resulting consumption equation, corresponding to equation (5), but with minor additions, takes the following form (see Table 1 for variable definitions). A few impulse dummies are also included. 
has both an income and substitution effect and a wealth effect on consumption, see Muellbauer (2007) . Moreover, liquid assets are necessarily more spendable than, say, pension wealth. 21 We adjust the annual growth rate up by 2 percent between 1992-3 and 2004:3 and adjust for breaks in the data in 2002Q3 and 2004Q4. The 2 percent adjustment is phased in gradually between 1992Q1 and 1993Q4. The adjustment lessens the notable dip in the measured growth rate of employment from around 1992 to 2003. 22 To simplify the expression we exclude details of the dummies from this equation. The dummies are Q1DU75, D751, GST78, GST84. Note that Q1DU75 is a pre-1976 seasonal to reflect mis-measured seasonal correction in the data before that date. D751 captures an outlier in 1975Q1 and GST78 and GST84 are dummies taking values +1, -1 in successive quarters, reflecting shifting of expenditure in anticipation of increases in sales tax in 1978 and in 1984.
In the long-run part of the equation, the speed of adjustment is given by λ while 0c α measures the shift in the level of consumption due to the easing of credit conditions. The variable rma is the 4-quarter moving average of the real prime rate of interest, which moves closely with the mortgage rate. The star superscript on this and other variables means that the variable is defined as the deviation from its end of 1980 value, just before the rise in CCI.
23
The next two terms are income terms. The ratio of property to non-property income, ) / ( y y prop , was discussed above. They should have positive coefficients, and the interaction coefficient, 3c α , should also be positive. Three asset terms follow and include an interaction effect with housing assets. Illiquid financial assets are split between directly-held, DHIFA, and pension assets, PA, and both are represented by the 4-quarter moving average. This fits better than the end-of-previous quarter value and implies a longer lag in the consumption response. Some of the response of consumption to changes in pension wealth comes from altered contribution rates, where institutional lags are likely.
The remaining terms are the dynamic terms and dummies. As noted above, the uncertainty indicator, ∆θ, is replaced by the adjusted growth rate of employment. However, the inflation rate could also be an uncertainty indicator, with a negative coefficient, 4 β .
Especially before 2002, South Africa suffered relatively high and volatile inflation compared to advanced industrial countries. The recent inflation rate could also be a proxy for negative expected income growth effects because nominal wages lag behind prices, or an indicator of an expected rise in interest rates with negative growth consequences. There could be some negative feedback from the previous quarter's consumption growth onto the current quarter represented by the lagged change in log consumption. This equation corresponds closely to the theory discussed in section 2 and tests of more general dynamics all accept this specification, though a number of dynamic and interaction effects prove to be insignificant.
The latent variable CCI could pick up omitted variables unrelated to credit conditions. This is why it is important that all plausible controls, such as income expectations, income uncertainty and interest rate effects are included in or at least tested in the empirical model. Failure to control for them could result in biases in the estimates of wealth or collateral effects and in mis-measurement of CCI. One of the most significant and unexpected events, perhaps the most significant in South Africa's history in this period, was the release from prison of Nelson Mandela in February 1990. This signaled a sea-change in politics towards 23 The purpose of this normalisation is to simplify the interpretation of the intercept-shift effect of changes in CCI from their interaction effects, since the latter will be zero at the end of 1980. reconciliation, the abandonment of Apartheid, and the transition to democratic elections. The behavior of consumption and to a lesser extent of debt in the period immediately after 1990Q1 looks anomalous, suggesting a kind of temporary euphoria. This seems to be hard to explain either as a shift in credit conditions or as a shift in income expectations. The equation system was therefore estimated omitting the observations for 1990Q1 to 1991Q1, and these results are shown in Table 3 column 1. 24 The speed of adjustment λ is estimated at 0.45 (t=10.9), similar to estimates for the UK, US and Australia, suggesting a well-determined long-run solution for consumption. The long-run coefficient, 0c α , on CCI is highly significant (t=9.0), indicating its crucial direct importance for the long-run behavior of the ratio of consumption to income. Of the interaction effects with CCI, two are well determined: the interaction with income growth expectations (discussed further below) and with housing wealth (t=3.5). Otherwise, the interactions with the real interest rate and the income uncertainty proxy are not significant, while the debt/income weighted change in the nominal base rate interest and its interaction have the right signs, but are statistically insignificant. 0.15 at the CCI peak in 1996. These estimates are far higher than peak estimates of the order of 0.05 for the U.K., U.S. and Australia, and this is further discussed below. The mpc out of net liquid assets is estimated at 0.17 (t=3.6), near the value Muellbauer and Williams (2011) 24 Estimating the equation with a single dummy for these quarters produced similar results, but with a slightly worse fit. 25 Since ln( t yperm ) is defined as permanent income at t+1, using a 0.95 discount factor, log permanent income at t is defined as ln 0.95 ln( ) To examine the consequences of slightly less forward-looking households, the system was therefore re-estimated under the constraint The level of the real prime rate has a strongly significant negative effect on consumption (t=-4.2) and employment growth, an indicator of shifting income uncertainty, is also significant (t=4.4), paralleling strong effects for changes in the unemployment rate for the U.K., U.S. and Australia. Its interaction effect with CCI is not significant, however. The change in the nominal interest rate weighted by the debt to income ratio has a negative point estimate, offset by a positive one for the interaction with CCI, but neither is significant. This is similar to Australia, but different from the U.K. where consumer debt-to-income ratios are far higher, and where a larger proportion of households may be vulnerable to changes in nominal rates. However, there is a significantly negative effect on consumption of inflation over the previous two quarters (t=-3.3) which may be an indicator of higher interest rates in prospect. The lagged change in log consumption has a significant negative coefficient (t=-6.2). This could be a reaction to overspending in the previous period and could also reflect the inclusion of durable goods in consumption expenditure, where the need for replacement spending declines if recent purchases were high.
The stability of these estimates for samples 1974Q1 to 2005Q4 and for 1971Q2 to 1994Q1, omitting the 1990Q1 to 1991Q1 period, is demonstrated in columns 3 and 4. LM tests for residual autocorrelation up to the fourth order are satisfactory.
One can ask the question of how much the interaction effects add to the fit of the system. To do this, all (three) interaction effects can be set to zero in both the consumption and debt equations while relaxing two restrictions, that on the ln( / ) If all CCI terms including the intercept effects are omitted, the long-run properties of the model effectively collapse, whether or not the assets are disaggregated. The speed of adjustment for consumption is no longer significant, the fit is far worse and two out of three wealth effects are negative. Most of the short-run effects still hold up, however, for example, the change in log employment, inflation, and the dummies.
The long-run properties of our credit-augmented life-cycle consumption function were checked in a cointegration analysis. If the direct and interaction effects of the credit conditions index are combined into a single index, there are then five variables integrated of order one, I(1). These are the log consumption to income ratio, net liquid assets to income ratio, illiquid assets to income ratio, the log permanent income to income ratio and the 
variables are the real interest rate, the ratio of property to non-property income, the change in log income, the inflation rate, income uncertainty as measured by the adjusted change in log employment and some impulse dummies. In a VAR for the five I(1) variables, with the I (0) variables entering unrestrictedly, a lag-length of 2 is acceptable against longer or shorter lags.
There is just one cointegrating vector with beta weights close to the long-run coefficients reported in Table 4 . The alpha coefficients, measuring the adjustment of each of the I (1) variables to the cointegrating vector, have clear implications: only the coefficient for the log consumption to income ratio is significant (with a t ratio of 7.5). The other four I(1) variables are thus weakly exogenous with respect to the log consumption to income ratio. 26 It might be argued that inclusion of the composite CCI term may bias the cointegration test towards a positive finding, but it is necessary to control for the structural breaks which otherwise would destroy the long-run relationship between consumption, income and wealth.
The Estimated Debt Equation
An equilibrium correction formulation of the long-run debt equation given by equation (6) 
Beginning with the long-run part of the model, the speed of adjustment is given by δ , while 0c δ measures the shift in debt levels due to the easing of credit conditions. The real interest rate, rma8, enters as an 8-quarter moving average, after checking the validity of the implied dynamic restrictions. Its coefficient, 1 δ , is expected to be negative and the interaction effect, African population, we use the population growth rate as a proxy, since faster growth rates will be associated with a younger age structure. With interpolated annual data, the two-year change of the four-quarter moving average should smooth artificial jumps in the series. Before liberalization the housing wealth effect was also zero, but becomes highly significant in interaction with CCI (t=5.3). The finding of no effect from directly-held financial assets, but a strong pension asset effect, makes good sense in the South African context, discussed above.
In the dynamics, the change in log employment is strongly significant, as in the consumption equation, and it has the same interpretation as a negative measure of increasing income uncertainty (or a positive one of confidence). Inflation has a negative effect as it does for consumption, with the same interpretation as an indicator of future rises in interest rates or signalling a short-term decline in real income, given sticky wages. But changes in income and interest rates are insignificant. Finally the population growth rate has a positive and strongly significant effect. Table 4 confirms that the parameter estimates are fairly stable over the different samples shown. LM tests for residual autocorrelation up to the fourth order are satisfactory.
As for the consumption equation, the omission of the credit conditions index produces a far worse fit, with serially correlated residuals, a far lower speed of adjustment and implausible wealth coefficients.
Conclusions
There is widespread disagreement about the role of housing wealth in explaining consumption. This paper has argued that much of the empirical literature is marred by poor controls for the common drivers both of house prices and consumption. In particular, the failure to control for the direct effect of credit liberalization in models of consumption can over-estimate the effect of housing wealth or collateral on consumption in countries where easing of credit restrictions is correlated with rises in asset prices. The omission of income growth expectations can also bias estimates of the housing wealth or collateral effect, e.g. discussion by King and Pagano of Muellbauer and Murphy (1990) .
This paper has proposed an empirical model, grounded in theory, to measure wealth effects on consumption. The model has more complete controls than hitherto used in the literature, including controls for shifts in credit conditions and the forecast growth rate of income to proxy expectations. The model is applied to quarterly data for South Africa from 1971 to 2005, and uses our own wealth estimates on a market value basis (Aron and Muellbauer, 2006a) . The credit conditions index for South Africa is captured through a spline function that is common to jointly estimated consumption, household debt and income forecasting equations. The parameters of the spline function incorporate qualitative information on the timing of key institutional changes in credit markets. As in the U.K., U.S.
and Australia, a major part of the rise of the consumption to income ratio from pre-1980 into the new millenium is explained by easier credit availability, even when offset 27 by rising real interest rates and by the increasing constraint of higher debt levels on spending.
Despite the very different macroeconomic histories, there are striking similarities in the consumptions functions found for South Africa and the above three Anglo-Saxon economies (Aron et al., 2011; Muellbauer and Williams, 2011) . The consumption model estimates also throw light on the monetary transmission mechanism in South Africa, showing that there are multiple channels for the effect of interest rates on consumption expenditure. This is highly relevant for policy making. A rise in shortterm interest rates has negative direct effects on consumer spending, mainly through higher real rates, but there appear to be even larger indirect effects via asset prices and income expectations. In the absence of wealth stock data for South Africa, these large asset effects have not previously been measured. Given the multiple possible influences on asset prices in small open economies -including foreign interest rates, terms of trade and foreign equity prices -to quantify the marginal effect of domestic interest rate changes alone requires separate models for the main asset prices of equities, bonds and housing, in addition to the consumption function and income forecasts. This remains an important task for future work.
Finally, the empirical results underline the need to improve national wealth accounts and to track changes in financial architecture in other emerging and developing countries.
Better modeling of consumption and debt should improve stabilisation policy and reduce risks of future financial crises. The results for column 2 impose a peak coefficient in the consumption function of 0.75 on log permanent income at t+1, and 0.95 in the remaining columns. 
